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M6ssbauer and neutron diffraction studies of Y2(Fe1_xMnx)14B
o. A.

Pringle, G. K. Marasinghe, Gary J. long. and W. J. James

Departments of Phy:~ics and Chemistry and the Graduate Center for Materials Research,
University of Missouri-Rolla, Rolla, Missouri 65401

W. B. Yelon and D. Xis
University of Missouri Research Reactor, Columbia, Missouri 65211

F. Grandjean
Illstitut de Physique, Universite de Liege, B-40oo Sart Tilman, Belgium

We have used M6ssbauer spectroscopy and neutron diffraction to study a series of
Y2(Fel _ xMnx) l4B samples in the composition range from x = 0.0 to 0.4. Y2(Feo.oMnoA) 14B
is paramagnetic at both room temperature and 85 K. The iron quadrupole splitting in this
paramagnetic compound allows us to place an upper limit on the quadrupole shift in the
magnetic Y2(Fe 1 _ xMnx }14B alloys. Refinement ofY 2 (Fe l _ xMnx )14B neutron diffraction
data have been used to give the site occupancies of manganese on the transition-metal
sub lattice. Both neutron diffraction patterns and Mossbauer effect spectra indicate a marked
preference for the manganese to occupy the 8j2 site, which is the largest volume transitionmetal site. Both experimental techniques give completely consistent results for the site
occupancies in Y 2 (Fe, _ x Mnx) !4B.

INTRODUCTION
R 2 (Fe j _ x T~) 14B compounds, where R is yttrium or a
rare earth, and T is a transition metal or metalloid, are of
interest for several reasons. Useful permanent magnets
based on Nd1 Fe l4 B will contain a number of elements which
replace part of the iron. Selected Rand T substitutions in
R z (Fe l __ x T x ) 14B alloys may also lead to a better understanding ofthe magnetic exchange pathways and the origins
of the high magnetocrystalline anisotropy in these materials.
In this paper, we report the initial results of a neutron
diffracti.on and M6ssbauer effect study of manganese-substituted Y2Fc14B. The effect of manganese on the magnetic
exchange in R 2 (Fe l _xMnx) 14B is interesting, because manganese is generally believed to be antiferromagnetic seeking,
and because antiferromagnetic iron-iron interactions have
been suggested as one of the causes for the relatively low
Curie temperature in the R 2 Fe 14B magnets. I
We have carried out Mossbauer effect studies of
Y2(Fel_xMnx)14B with x equal to 0.0,0.02,0.04, 0.06,
0.08,0.10,0.20,0.30, and 0.40. Neutron diffraction patterns,
taken above the Curie temperatures for the samples with x
equal to 0.20, 0.30, and 0.40, were used to determine the
occupancy of the different transition-metal sites by manganese. The site populations from neutron diffraction were
used as constraints in fitting the Mossbauer spectra, and the
results from the two techniques are in excellent agreement.
EXPERIMENT

Y2 (Fe\ _xMnx )14B samples were prepared by induction melting 99.9% pure starting materials, followed by
vacuum annealing at 950°C for periods ranging from 96 to
120 h. The starting materials for induction melting contained 0.8 wt. % excess of manganese, in order to compensate for manganese loss due to its higher vapor pressure.
The preparation of the Mossbauer absorbers has been
described previously. 2 Powder samples obtained from the
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same ingot were used for both the Mossbauer effect and neutron diffraction measurements. Our measurements show
that the samples consist of the R2 T 14B phase, plus at most
5% of a-iron.
The procedure used to fit the Mossbauer spectra has
also been described previously.2 For Y2 Fe I4 B, there is no a
priori reason why the linewidths for the different iron sites
should be different. Thus, we have constrained all of its
linewidths to be the same. When manganese is partially substituted for iron, the resulting distribution of near-neighbor
environments results in a range of hyperfine parameters. We
simulate a distribution of hyperfine fieids at each iron site by
introducing an incremental Hnewidth parameter as described in Ref. 2.
Approximately 2 g of selected powdered samples were
encapsulated in a thin-walled vanadium cell. Neutron diffraction data for these samples were collected at the University of Missouri Research Reactor. The neutron wavelength
was approximately 1.3 A, and each scan took about 24 h.
The data were collected in three 25" intervals from 28 = 5" to
80°, and rehinned into 0.10 steps for analysis using a modified
Rietveld code.
RESULTS

The Y2(Fe1_xMnx)14B samples aU crystallized in the
Nd 2Fe 14B structure. 3 Neutron diffraction refinements for
Y2(Fe 1 _ x Mn x ) 14Bwithx equal to 0.20, 0.30, and 0.40, taken above their Curie temperatures, show a marked preference for manganese to occupy the 8j2 site, and a slight preference for iron to occupy the two 16k sites and the 4e site.
These occupancies are close to those observed in the
Er2 (Fe l __ x Mnx ) 14B alloys,4 and are generally consistent
with occupancies expected on the basis of site volumes. Manganese is expected to occupy the larger-volume 8j2 site and to
avoid the smaner volume 16k z and 8j, sites.
Table I gives the site occupancies, obtained from neu-
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TABLE L Manganese occupancies for the transition-metal sites in
y 2( Fe l _. Mn. ) I.B, as determined by neutron diffraction. Random substitution values afC also given for comparison.
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tron diffraction, in the form of manganese populations for
each of the transition metal sites. The total manganese content, as refined in the neutron diffraction analysis, is consistently less than expected. Manganese loss must have occured
at a higher rate than anticipated. Nevertheless, x-ray, neutron diffraction, and M6ssbauer effect measurements fail to
show the presence of significant amounts of any impurity
phase, other than a few percent of a-iron, so our results are
useful, although the sample compositions are somewhat different than planned. Because we have neutron diffraction
results for only three of the samples, we specify all samples in
terms of their nominal manganese content, rather than in
terms of their manganese content determined by neutron
diffraction.
We obtained Mossbauer spectra for all of our samples at
both room temperature and 85 K. YZ(FeO.7MnO.J )14B is
paramagnetic at room temperature, but shows the onset of
slow magnetic relaxation at 85 K, while Y2(Feo.6Mn0.4) J4B
is paramagnetic at both room temperature and 85 K. The
y 2 (FeO.6 MnO.4 ) 14B spectra are quite useful, because the iron
quadrupole doublets in this paramagnetic compound allow
us to place an upper limit of 0.95 mm/s on the quadrupole
splitting in the magnetic Y 2(Fe l __ x Mn x h~B alloys. Figure 1
shews the room-temperature Mossbauer spectrum and fit
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FIG. 1. Room-iemperature Mossbauer spectrum of Y 2( Feu 6 Mno .• ) ,.B.
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FIG. 2. Mossbauer spectra OfY2(Fc, _,Mn, )'4B, obtained at 85 K.
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FIG. 3. Internal hyperfine field as a function of manganese composition at
85 KforY 2 (Fe, xMuxl14B.

for Y 2 (Feol> Mn().4 ) 14B. Analysis of this spectrum included
the use of site populations as given in Table l.
We extrapolated the transition-metal site populations
from neutron diffraction, as given in Table I, to lower manganese content. This extrapolation gives us relatively reliable
site populations for use in the Mossbauer fits. Figure
2 shows the observed Mossbauer spectra and fits for
y 2 (Fe l _" Mo,,) 14B, taken at 85 K, with x equal to 0.0, 0.02,
0.04,0.06, 0.08, and 0.10. Small amounts of a-iron, contributing from 3% to 5% of the total absorption, were included
in some of these fits. The only modification to the neutron
diffraction site popUlations has been to assign slightly larger
manganese occupancies to the gil and 8j2 sites.
Mossbauer spectra for the Y2Fel4B sample, obtained at
the magic angle, S suggest a slight tendency for the tetragonal
c axis of the Y 2Fel4B crystallites to lie in the plane of the
absorber. The fits shown in Fig. 2 anow for a smaH degree of
preferred orientation. The areas of the lines in each sextet are
constrained in a ratio of 3:x:l:l:x:3, where x ranges from
2.08 to 2.30 over the series of samples, hut is fixed at one
value for all sextets in any given sample. A value of x equal to
2 would correspond to a Mossbauer absorber with no texture. Figure 3 shows a plot of the internal hyperfine field for
each of the iron sites in the Y 2(Fe 1 _ "Mn,,) 14B spectra presented in Fig. 2.

DiSCUSSION

Prior work on the Nd 2 (Fe l _ x Cox) 14B system has resulted in disagreement on the site occupations of cobalt and
iron. Different Mossbauer effect studies have been used to
show that iron preferentially occupies the 8j2 and the 16k z
sites, 6 that there is no preferential site occupancy, 7 and that
iron preferentially occupies the 8} I and Bi2 sites while cobalt
prefers the 16k! and 16k2 sites. 8 In contrast, neutron diffraction indicates a strong preference of iron for the Bj2 site, and a
5582

weak preference of cobalt for the 4e site and possibly for the
Bjl sitc. 9
Our results from neutron diffraction and Mossbauer effect spectroscopy for Y 2 (Fe] _ x Mu x htB are completely in
accord on site populations. The fits shown in Fig. 2 can be
improved only marginally by further varying the iron site
populations. The neutron diffraction results are relatively
unambiguous because over 400 reflections are used to extract a small set of parameters. The Mossbauer spectra of
substituted samples are broadened, partly because the magnetic spEttings all decrease as iron is removed, and partly
because a range of hyperfine parameters results from the
distribution of near-neighbor environments. As a result of
the broader absorption linewidths in the substituted samples, more than one set of Mossbauer hypemne parameters
can be found which adequately fit the observed spectra. We
have demonstrated that a consistent set of parameters can be
found which fit both the Mossbauer spectra and neutron
diffraction patterns, and we suggest that discrepancies reported for related compounds could be resolved through a
similar combination of investigations using identical samples.
The inability to reach agreement on a model for the hyperline parameters in Nd zFe I4 B has been weB documented. IO,i1 The Y2(Fe\.xMnx)14B Mossbauer spectra shown
in Fig. 2 are fit well by a model consistent with that recently
proposed for Nd 2 Fe l4 B (Ref. 12) and Y2FeI4B.13 The upper
limit of 0.95 mmls on the Y 2 (Fe 1 _ ,Mnx ) 14B quadrupole
splitting, as given by the Y2 (Fe o.6 MnOA ) J4B sample, is useful in assessing the validity ofthe different models, and supports the model proposed by Grandjean et al., 12 in which the
location of the rare-earth near neighbor directly determines
the orientation of the electric field gradient at the iron sites.
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